The present study proposed to test the applicability of a new emotional Stroop-like paradigm among 49 adults with Down syndrome (DS), matched with typically developing children on gender and receptive vocabulary. Stimuli with neutral and emotional content were presented in two identical computerized tasks. This experimental design allowed comparisons of inhibition performance according to the nature of the material. Main results showed that the DS group processed the emotional material more poorly than the control group in the inhibition condition, whereas all participants performed near or at ceiling in the control condition. Regarding the response latencies, both groups processed emotional material slower than the neutral material. The DS participants did not take more time to respond than their controls, but they presented a distinct response latency pattern during the task: while the control group kept their response times constant, the DS group showed an improvement during the task.
Introduction
The emotional Stroop is a paradigm widely used for investigating aspects of emotion processing through an inhibition measure (Amir, Freshman, & Foa, 2002; Perez-Edgar & Fox, 2003; Williams, Mark, Watts, MacLeod, & Mathews, 1997) . Adapted from the classical Stroop Interference Test (Stroop, 1935) , participants are asked to name the color of neutral and emotional words. The choice of emotional words is usually related to applicability in a specific clinical population (e.g., hairy and crawl for spider phobics, Watts, McKenna, Sharrock, & Trezise, 1986) . It has been observed that the color-naming of emotional words is slower when compared with neutral words in clinical groups only.
The classical Stroop test-as well as its emotional adaptation-requires reading abilities, and alternative versions have been designed. One of them is the Stroop-like paradigm, which has been originally developed for young, pre-reading children. The "Day-Night" task is one of these notable extensions (Gerstadt, Hong, & Diamond, 1994) . This task assesses the ability to inhibit a predominant response, such that participants are asked to respond "day" to a nighttime picture and "night" to a daytime picture. However, similarities between the Stroop test and the Day-Night task have been questioned by some authors. For Wright, Waterman, Prescott, and Murdoch-Eaton (2003) , Stroop- like versions that present more stimuli, such as the fruit Stroop (Archibald & Kerns, 1999) or the animal Stroop (Wright et al., 2003) , are closer to the classical Stroop test and more accurate for measuring inhibition abilities. Yet these tasks are difficult to administer to participants under the age of 7 as they contain complex stimuli and instructions.
Despite critiques, the Day-Night task remains a tool of choice for assessing inhibition abilities in young children (e.g., Carlson & Moses, 2001; Roebers & Schneider, 2005; Wolfe & Bell, 2007) , and several adaptations have been developed (Archibald & Kerns, 1999; Beveridge, Jarrold & Pettit, 2002; Simpson & Riggs, 2005) . In addition, this task seems to be well suited to children and adults with intellectual disability (ID) (Atkinson et al., 2003; Tager-Flusberg, Sullivan, & Boshart, 1997; Walley & Donaldson, 2005) . Of note is that all Stroop-like tasks mentioned above have used pictorial stimuli with no emotional meaning and can, therefore, be considered as counterparts of the classical Stroop. To the best of our knowledge, no emotional equivalent has yet been developed.
There are, on the other hand, many pictorial emotional Stroop versions that present emotional pictures instead of words (e.g., Constantine, McNally, & Hornig, 2001; Kindt & Brosschot, 1997; Mazurski, Bond, Siddle, & Lovibond, 1996) . These pictorial tasks present an interesting non-lexical alternative for measuring inhibition abilities with emotional material. This paradigm would likely be appropriate for studying populations known for their atypical manner of processing emotional information, such as people with Down syndrome (DS; Hippolyte, Barisnikov, & Van der Linden, 2008) , Williams syndrome (Gagliardi et al., 2003) , or fragile X (Turk & Cornish, 1998) . Persons with DS are characterized as being cheerful, and as actively seeking social contact (Dykens, Hodapp, & Evans, 1994) . It has been hypothesized that DS individuals might exhibit strength when processing emotions (Kasari, Freeman, & Hughes, 2001) . However, most studies in DS children have shown impairments, with specific difficulties in recognition of negative expressions such as anger and fear (Kasari et al., 2001; Williams, Wishart, Pitcairn, & Willis, 2005) . Hippolyte and colleagues found that DS adults presented a positive bias when judging facial expressions and intensity of emotional expressions. Despite their ability to recognize positive and negative emotions, such as joy and sadness, they had a tendency to assess expressions as being more positive than they actually were. Furthermore, correlational analyses showed that this bias was strongly and negatively related to the Day-Night task.
The main objective of the present study is to propose an emotional Stroop-like paradigm adapted to assess people with mild and moderate ID. Relying on the assumption that emotional material is processed differently, depending on the value attributed to it, we wanted to examine inhibition abilities of DS individuals presented with emotional versus neutral material. The existing pictorial emotional Stroop tasks are too difficult for people with ID. The complex instructions and the large number of stimuli presented require important cognitive, attentional, and working memory resources. Therefore, we constructed two equivalent Stroop-like tasks, varying only the nature of their stimuli (emotional and neutral), and each containing two conditions: a control condition (name what is shown on the screen) and an inhibition condition (name the opposite of what is shown on the screen). Regarding the neutral material, we used the "Sun -Moon" task (Archibald & Kerns, 1999) , an adapted version of the Day-Night task designed to obtain a lower ceiling effect. Concerning emotional material, we created the "Happy -Sad" task, the stimuli which consisted of a child displaying a happy versus a sad facial expression. Results for the DS adults were compared with those of typically developing children matched on receptive vocabulary. This matching measure seemed relevant, because the administration of the experimental tasks requires a minimum level of verbal knowledge (i.e., instruction comprehension) and verbal responses. This comparative approach allowed us to identify whether the DS adults' performance in the Stroop-like tasks was impaired or not in terms of a quantitative score difference (e.g., presence of developmental delay). Additionally, potential atypical processing could also be revealed by qualitative differences between the groups' patterns of performance.
The following hypotheses were proposed; With regard to the control condition, we did not expect an effect of material type on success rates for either group. As reported in the literature, faces and emotions are processed as prominent stimuli, and could be more difficult to inhibit than neutral stimuli. We therefore predicted lower success scores for emotional material for both groups in the inhibition condition. In relation to the particular emotional pattern observed in the DS population, we also expected that our DS group would err more than their matched controls in the "Happy-Sad" task, whereas we did not have specific assumptions for the "Sun -Moon" task. Regarding response latencies, we expected slower response times for both groups when processing emotional as opposed to neutral material, as reflected in the literature. We further assumed that the DS group would be slower than their controls when processing emotional material, because faces represent a highly captivating stimulus for them.
Materials and Methods

Participants
Forty-nine participants with DS took part in the study (31 men, 18 women), all with a moderate ID. All participants had a medical diagnosis of Trisomy 21 and were recruited from two sheltered workshops. Significant sensory, psychiatric, or physical disabilities, as well as clinical symptoms of dementia, constituted exclusion criteria for participation. The mean age of this group was 33.78 years (SD ¼ 9.00). Adults were individually matched on gender and on the raw score of a receptive vocabulary task with a control group comprised of typically developing children attending an elementary public school (mean age ¼ 5.88, SD ¼ 1.05). The vocabulary task was the French adaptation of the Peabody Picture Vocabulary Test-Revised (Dunn, Thériault-Whalen, & Dunn, 1993) . On this task, the DS group obtained a mean raw score of 67.28 (SD ¼ 25.13) and the control group had a mean score of 68.24 (SD ¼ 24.96). This difference was not statistically significant, t(96) ¼ 2.19, p ¼ .85. These scores corresponded to a developmental verbal age of 6.27 years for the DS and of 6.34 years for the control group. In addition, productive vocabulary ability (frequent words) was assessed with a subtest taken from the French Isadyle Battery (Piérart, Comblain, Grégoire, & Mousty, 2007) in order to check for its potential influence on the experimental tasks. The DS group obtained a mean percentage score of 83.42 (SD ¼ 10.40), and the control group had a mean score of 82.26 (SD ¼ 11.72). These scores were not statistically different, t(96) ¼ .52, p ¼ .605.
Apparatus and Stimuli
The experiments were conducted on a laptop running E-Prime-1.0 (Schneider, Eschman, & Zuccolotto, 2002) . Stimuli were randomly displayed one at a time and the software recorded the response latencies per stimulus. Participant responses were recorded directly by the experimenter using computer. Vocal responses registered by the computer had to be ruled out due to pronunciation and speech difficulties frequently encountered in the DS population. Similarly, in order to prevent disadvantage of the participants having motor difficulties, a key-press response time was not used. In addition, this type of responding adds the memory load of remembering which buttons to press, which might have interfered with the tasks. Once the response was triggered, the experimenter pressed one of the two mouse buttons to stop the time. The response was then coded as correct (left button) or incorrect (right button). The response items used in both tasks (soleil, lune, content, and triste) had a high mean lexical frequency (M ¼ 27.670; range ¼ 16.423 -45.939; database intended for children of primary school, Lambert & Chesnet, 2001) .
The stimuli were presented in black-and-white (see Fig. 1 ). For the "Sun -Moon" task, we used the original stimuli from the study by Gerstadt and colleagues (575 Â 383 pixels). The stimuli of the "Happy -Sad" task (two faces; 400 Â 575 pixels) were adapted from a set of facial pictures belonging to a children's game (Jeux de visages, Editions Nathan). This game contains photographs of a boy and a girl displaying various emotions. In order to select the experimental stimuli, the photographs displaying expressions of joy and sadness were first shown to five experts at the Facial Action Coding System (Ekman & Friesen, 1978) at Geneva University. They were asked, in an open-ended fashion, to name the emotion which they thought best described each photograph. Joy and sadness were recognized by all experts for the boy's pictures. For the girl's picture, joy was accurately recognized, but sadness was identified as sulk by four experts. The same pictures were then shown to 22 adults (11 women; mean age ¼ 30.64, SD ¼ 6.17) and 26 children (13 girls; mean age ¼ 6.19, SD ¼ 0.8) using the same procedure. The expression of joy was accurately identified by both groups from the two photographs. The expression of sadness for the boy's picture was recognized as such by 96% of the children and 87% of the adults. The girl's picture was recognized as sad by 65% of children and only 18% of adults. Given these results, we selected the boy's pictures. While it is generally recognized that pictures of men displaying an angry expression are perceived as more threatening than women's pictures (Mazurski et al., 1996) , there is to our knowledge no corresponding assumption for the expression of sadness.
Procedure
All participants were tested individually by a trained clinical psychologist in a quiet room at their workplace or at school. The Stroop-like tasks were administered separately in two sessions approximately 2 weeks apart, and their order was counterbalanced. Each experimental task was composed of three events: (a) a black central fixation cross for 1,000 ms, (b) the stimulus displayed on a white background, and (c) a blank white screen (duration 1,000 ms). Each stimulus remained until the response was given. Participants were asked to respond as quickly as possible while avoiding mistakes. The assessment always began with the control condition, where participants were instructed to state what was being shown on the screen. This allowed us to monitor comprehension of the basic instructions and to measure basic processing speed. This condition Fig. 1 . Stimuli used in the "Happy-Sad" and "Sun-Moon" tasks.
was followed directly by the inhibition condition, in which participants were instructed to state the opposite of what was being shown on the screen. Each condition had 24 items equally distributed among the two stimuli. Two success rate scores and two reaction times scores were calculated for each task. Training trials with response-appropriate feedback were administered at the beginning of each condition to ensure its comprehension. Testing did not begin until these trials yielded accurate responses, and a limit of three attempts was set to avoid learning effects. In the "Happy -Sad" control condition, participants were instructed to respond with "happy" when shown the smiling child's picture, and to respond with "sad" to the sad child's picture. At the end of the presentation of the 24 items, a blank screen with the sentence "change of task" appeared, and the experimenter then explained the rules for the inhibition condition. Participants were instructed to respond "happy" to the picture of the sad child's picture, and "sad" to the smiling child's picture. The procedure for the "Sun -Moon" task was strictly equivalent.
Results
Analysis of the Number of Successes
In order to control comprehension of neutral and emotional material, the number of successes in the control condition was first considered. The success rates were equivalent in the DS and control groups for both tasks (percentage between 95.3 and 98.3 for both groups). The number of successes in the inhibition condition was then analyzed, resulting in a success rate that was contingent upon the group and the stimulus material. Consequently, our subsequent statistical analyses took into account this score for the inhibition condition only. A generalized linear mixed model (McCulloch & Searle, 2001) , with group and presentation order as between subject factors and material (neutral versus emotional) as the repeated measures factor, was conducted on the number of correct responses. The use of a regular ANOVA with repeated measures was not possible due to the nature of the scores (a sum of successes following a binomial distribution), and also because the assumptions of the ANOVA were violated.
The analysis revealed that there was a significant main effect of material, z ¼ 28.79, p , .001, indicating that the probability of success was lower for emotional when compared with neutral material. The presence of a significant interaction between material and group (z ¼ 26.70, p , .001) was observed, showing that the DS group performed worse with the emotional material than the control group (Fig. 2) . There was no significant main effect of presentation order, but there was a significant interaction between the presentation order and stimulus material, z ¼ 3.16, p , .01. An improvement of all participants throughout the task was observed, but only when assessment began with the emotional material.
Finally, we examined the potential influence of the two emotional stimuli on the number of successes in the emotional task. We estimated a generalized linear mixed model using a binomial distribution, with group as the between-subjects factor and material (Sad vs. Happy) and condition as the repeated-measures factor (control vs. inhibition) on the number of successes. There was no effect of group or material, indicating that both groups processed the "sad" and "happy" items indiscriminately. 
Response Time Analysis
Preliminary analyses showed that the distribution of latency scores did not vary by response accuracy for the two groups; thus, we carried out analyses by taking into account all response times. We first calculated the median of the 24 measures of response time for each participant. The median was chosen in order to minimize the effect of extreme values. A mixed ANOVA, with group and presentation order as between-subjects factors and material and condition as repeated-measures factors, was conducted on the logarithm of the median response times. The logarithm was chosen to normalize the response time distribution. The analyses revealed two significant main effects: material, F(1,91) ¼ 26.39, p , .001; and condition, F(1,91) ¼ 306.09, p , .001. There was also a significant interaction between material and condition, F(1,91)¼4.94, p , .05. It took more time to process emotional than neutral material for both DS and control groups. Contrary to our expectations, there was no main effect or interaction of group. The DS participants did not take more time to respond than controls.
Second, we were interested in investigating whether a learning process might emerge throughout testing. To explore this possibility, we divided the 24 response time measures into three separate periods: the median times for the items 1 -8, 9 -16, and 17-24. An ANOVA, with group and presentation order as the between-subject factors and material, condition, and period ("item 1 -8" vs. "item 9 -16" vs. "item 17-24") as repeated-measures factors, was conducted on the logarithm of the median response times. As before, there was a main effect of material, F(1,90) ¼ 25.05, p , .001, and a main effect of condition, F(1,90) ¼ 295.67, p , .001. The interaction between material and condition was also significant, F(1,90) ¼ 8.94, p , .01. Of interest was the presence of a significant interaction between time and group, F(1,180) ¼ 9.43, p , .001. Whereas the control group response times were constant through the task, the DS group improved their median response times during the second period of assessment.
Finally, we tested the difference in response times between the "Sad" and the "Happy" stimuli. We conducted an ANOVA on the logarithm of the median response times for each of the 12 "Happy" and "Sad" stimuli, with group as the betweensubjects factor and material (Sad vs. Happy) and condition (control versus inhibition) as the repeated-measures factors. We found only a significant main effect of condition, F(1,91)¼161.00, p , .001, indicating that the mean response times for the inhibition condition were higher than the control condition.
Discussion
The first goal of the present study was to develop and test a new emotional Stroop-like task adapted to assess inhibition abilities in people presenting ID. Our second goal was to compare participant performance when inhibiting emotional versus neutral stimuli. To achieve this purpose, two identical tasks varying only on the nature of the stimuli were proposed: the "Happy-Sad" task (emotional material), and the "Sun-Moon" task (neutral material). These tasks were administered to an adult population with DS and a control group matched on receptive vocabulary level. One of the major findings of this study is that DS participants exhibited greater difficulty inhibiting a prepotent response to emotional stimuli. The specificity of this impairment may be supported on two grounds. First, the results obtained in the control conditions showed a good understanding of the two types of stimuli per se by all participants. Second, DS participants' results varied in the inhibition condition depending on the material presented. Whereas they performed with the neutral material as well as their controls, their performance was worse with the emotional material. This difficulty in inhibiting a prepotent response to stimuli with emotional content can be considered specific to the DS group, because the control group's performance did not depend on the nature of the material.
This impairment might be associated with the DS participants' difficulties to process emotions (Hippolyte et al., 2008; Kasari et al., 2001; Turk & Cornish, 1998) . In addition, it has been shown that facial stimuli generally require more attentional resources to be processed (Verbruggen & De Houwer, 2007) , and engage additional cognitive abilities (e.g., face recognition, emotion perception) when compared with stimuli with neutral content (Schulz et al., 2007) . In our study, we did not observe these difficulties in the control group, but they were possibly masked by a ceiling effect of the task. Thus, the DS group's larger error rates in the "Happy -Sad" task might be related to the increased cognitive demand of its stimuli. Moreover, the literature pointed out that the DS adults judged facial emotions as being more positive than they were (Hippolyte et al., 2008) . This positive bias presented by DS adults was negatively related to the Day-Night task, showing that participants who assessed emotions as being more positive also displayed lower performance in this task.
This finding suggests that the bias could be related to an impulsive behavior, such that participants might have been unable to repress an overly positive judgment of the stimuli. According to the particular emotional pattern found in the literature, we may assume that our DS participants would have more difficulty inhibiting the "happy" than the "sad" items in the emotional task. These results would be in accordance with Schulz and colleagues (2007) , who showed that healthy adults committed more errors inhibiting happy facial expressions than sad ones in a go/no-go paradigm. However, our results showed no differences in the DS group's error rate according to item. These results might be related to the nature of the positive bias found by Hippolyte and colleagues (2008) . In that study, the bias did not rely exclusively on an overstatement for the expression of joy, but was also associated to the expression of sadness, perceived as less intense. Down syndrome adults were thus biased in their judgment of both positive and negative emotions.
Relating to response times, main results showed that both groups were slower in processing emotional material. This finding is consistent with previous studies using emotional Stroop paradigms, as well as with the idea that facial stimuli require more time to be processed than non-emotional stimuli (Schulz et al., 2007) . It seems that facial stimuli induce an interference effect which could be interpreted as an attentional bias (Williams, Mathews, & MacLeod, 1996) . In our study, this attentional bias towards emotional stimuli was found in both control and inhibition conditions, suggesting a general attention-capturing effect of these stimuli. The particularity of the emotional material might also be confirmed through the learning effect we observed. The analysis of the presentation order of the material showed that both groups improved their performance during the second assessment session, but only when beginning with the "Happy -Sad" task. Our results suggest that starting with emotional material helps to better process neutral material, but not the contrary. A transfer of competences might not take place as quickly for the facial stimuli as for the neutral ones, a finding that could be linked to the more salient value of facial cues (LeDoux, 1998; Verbruggen & De Houwer, 2007) .
Contrary to our expectations, DS participants' response times were not significantly longer than those of their controls across any condition or material. This finding was surprising, because the DS population usually shows slower basic processing speed in comparison with control groups (typically developing children or participants with ID matched on mental age; e.g., Nadel, 1999; Rowe, Lavender, & Turk, 2006) . Our results might be explained by the fact that the experimenter registered participants' responses. Indeed, experimental procedures which require a motor response place individuals with DS at a disadvantage, as they frequently present difficulties with motor planning and praxis (Fidler, 2005; Mon-Williams et al., 2001) . Nevertheless, they presented a dissimilar pattern throughout the task. Whereas the control group median response times remained constant, those for the DS group improved for both materials from the second period of assessment onwards. These findings suggest that DS individuals are able to display progress even when processing a difficult task, though these results must be qualified as they relate only to response times and not to score accuracies. However, this improvement indicates an interesting learning potential in this group. Of importance, the error terms were spread across the tasks, showing that DS participants reduced their response times without impact on score accuracy. The response time constancy observed in the control group might be explained by the fact that the task was easy for them and required relatively few cognitive resources. Therefore, children may have performed at best from the start, and maintained a stable performance throughout the task.
Finally, we were interested in investigating whether or not response times would differ between happy and sad stimuli in the inhibition condition. Previous studies have shown that happy faces are processed faster than sad ones (Grimshaw, Bulman-Fleming, & Ngo, 2004; Leppanen & Hietanen, 2004) , a finding that was also observed in inhibition conditions in a go/no-go paradigm (Schulz et al., 2007) . However, we did not find any significant differences for both groups in this study, which corresponded to the observations we made for the success rate scores.
Our results showed the utility of an emotional Stroop-like paradigm for studying population with ID. The tasks we proposed furnish an interesting tool for investigating inhibition capacities for emotional and neutral material, as well as emotion processing indirectly. The measures we obtained showed a good sensitivity to the task with the DS participants, but this paradigm would also have utility among pre-school children and other clinical populations with a particular socio-emotional profile, such as Williams syndrome, X-fragile, or individuals with Autism and ID. Nevertheless, some limitations of our study must be addressed. Our results showed that DS participants presented an atypical response pattern in comparison with typically developing children. However, this study does not allow for the assertion that this pattern is specific to DS in relation to other populations presenting a genetic disorder associated with ID. Comparative studies will be necessary to investigate this issue. Another limit concerns the restriction of the paradigm according to the population assessed. The task demand is simple and might quickly reach ceiling in populations with higher cognitive abilities. As our stimuli consist of only two pictures per task, their level of difficulty might be increased by augmenting the number of emotional targets proposed (happy and sad expressions represented by different faces). In order to further investigate the specific impairment observed with the facial emotional stimuli, it would also be important to introduce other expressions such as angry or neutral faces. These studies could help us better to understand the role of emotion in inhibition processing difficulties. In addition, the emotional facial stimuli used in this study refer to a particular aspect of emotion, related to social relations and behavior. It would also be interesting to propose new versions introducing others types of emotional stimuli, for example, stimuli related to self-control (e.g., food) to see whether inhibition difficulties will take place under these conditions.
